
NUTRIENT CONCENTRATIONS AT BASEFLOW CONDITIONS  

 

IN THE UPPER WHITE RIVER BASIN, SOUTHWEST MISS OURI  

 

AND NORTHWEST ARKANSAS  

 

 

 

A Thesis 

Presented to 

The Graduate College of 

Missouri State University 

 

In Partial Fulfillment 

Of the Requirements for the Degree 

Master of Science, Geospatial Science 

 

 

By 

Gopala G. Borchelt 

December 2007 

 

 

 



 ii  

NUTRIENT CONCENTRATIONS AT BASEFLOW CONDITIONS IN THE  

UPPER WHITE RIVER BASIN, SOUTHWEST MISS OURI AND NORTHWEST  

ARKANSAS 

Geography, Geology, and Planning 

Missouri State University, December 2007 

Master of Science, Geospatial Sciences 

Gopala G. Borchelt 

 

ABSTRACT: 

 

     The Upper White River Basin (UWRB) is becoming increasingly vulnerable to water 

quality degradation from urban/population growth and increased agricultural production. 

This study examines the relationships among nutrient levels, water chemistry and 

watershed characteristics of 19 watersheds in the UWRB. Water samples were collected 

during baseflow conditions each month for one year at USGS continuous-flow gage 

stations. Watershed characteristics evaluated were land use, geology, drainage area, flow 

discharge, and wastewater treatment plant discharge (WTP). Measured chemical water 

quality indicators include total nitrogen (TN), total phosphorus (TP), specific 

conductivity, turbidity, pH and dissolved oxygen. Rapidly expanding urban areas are 

associated with relatively high nutrient concentrations at baseflow such as found in the 

James River Basin, where mean levels range from 0.9 to 11.7 mg/L for TN and 18 to 175 

µg/L for TP. Nutrient concentrations have a strong positive correlation to specific WTP 

discharge (gal/day/km²). Non-point source-affected watersheds with no or only slight 

WTP inputs show a negative relationship between percent forest cover and nutrient 

concentrations. Higher nutrient concentrations are found in watersheds with less than 

50% forest in non-point source watersheds, although these nutrient levels remain below 

the James River recommended Total Maximum Daily Load (< 75 µg/L TP and < 1.5 

mg/L TN). Agricultural watersheds (>50% ag land) in karst limestone plain areas also 

show elevated nutrient concentrations ranging from 0.4 to 5.2 mg/L for TN and 9 to 103 

µg/L for TP. 
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CHAPTER 1: INTRODUCTION  

 

 

 Runoff from urban land use, agricultural land use and discharge from wastewater 

treatment plants cause excessive nutrient loading of many lakes, streams and aquifer 

systems in the United States (Edwards et. al. 1996; Jordan et. al. 1997; Petersen et. al. 

1998; Turner and Rabalais 2003; Dupré and Robertson 2004). Sources of nutrients 

include wastewater treatment plant (WTP) effluent, industrial wastewater, urban run-off, 

soil erosion, septic tank effluent, run-off from confined animal feeding operations and 

run-off from agricultural fields (Petersen et. al. 1998). Excessive nutrient loading causes 

eutrophication of lakes and streams through overproduction of algae. Increased nutrient 

and algae concentration can lead to other water quality problems. Decaying algae 

decreases dissolved oxygen in the water and may cause streams to become unable to 

support fish and other aquatic life (Turner and Rabalais 2003; Lunetta et. al. 2005; Thorp 

et. al. 2005). Ammonia, a form of nitrogen, is also released from decaying algae and, in 

excessive amounts, causes tissue damage to fish (USEPA 1999; McNair and Fraser 

2003).   

Suspended algae, soil erosion and other contaminants add turbidity to water which 

then captures more solar radiation and increases water temperature. Aquatic organisms 

that have adapted to clear cool springs and rivers may not be able to survive when oxygen 

levels are depleted, temperature is increased and water chemistry is altered. Only tolerant 

species will thrive in streams disturbed by excessive nutrient loading, causing a reduction 

in aquatic biodiversity (Turner and Rabalais 2003). In general, the publicôs perception of 

water quality is based on water clarity. Clarity may be measured by the ability to clearly 

see the stream or lake bottom through the water column. Unsightly masses of suspended 
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or attached algae in a eutrophic stream may emit an unpleasant odor from decaying 

vegetation and have greenish or brownish tint making them unattractive for recreational 

use. The large densities of algae in drinking water sources increases removal costs for 

consumption and may cause water to acquire an undesirable odor and taste (Peterson 

1998). With increased human population/development and itôs associated excessive 

nutrient loading, eutrophication from excessive algal growth is becoming a major water 

quality problem throughout worldwide water resources (USEPA 1999; Schueler and 

Holland 2000; Turner and Rabalais 2003; McNair and Chow-Fraser 2003). 

This study focuses on determining the levels and distribution of nutrient 

concentrations in surface water throughout the Upper White River Basin (UWRB) 

watershed. This watershed drains approximately 15,636 square kilometers in southwest 

Missouri and northwest Arkansas, part of the Ozarks Plateau physiographic region 

(MORAP, 2004). The basin is a major drainage system in the Ozarks region and is 

characteristic of rivers draining other karst areas with its many deep valleys, broad 

hilltops and highly weathered limestone bluffs and bedrock formations. Weathered karst 

geology is highly porous containing many caves, sinks, and subterranean channels which 

convent flow directly from surface run-off into ground water stores through a system of 

highly dynamic hydrological networks (Langer, 2002; Matǝj²ļek et al., 2003). The 

ñSwiss cheese-likeò structure of the karst terrain was formed when rainwater and surface 

run-off eroded the carbonate rock over millions of years and dissolved channels in the 

primarily limestone and dolomite formations. This formed conduits deep into the layers 

of bedrock creating complex subterranean water networks (Langer 2002).  
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Surface released contaminants can move down through sinkholes and karst 

fractures quickly entering groundwater and reemerging at spring outlets. The karst 

geological structure of the Ozarks and the UWRB therefore makes this region extremely 

vulnerable to infiltration of contaminants associated with surface run-off (MODNR  

2001; USEPA 2004). The UWRB watershed has one of the fastest growing populations 

in the nation, having increased by 30% in the last decade (MODOC, 2001). There are 

concerns over the effects of urban and suburban development on the water quality in the 

UWRB since water quality has long been central to this regionôs economy and natural 

attractions. The four major impoundments, Beaver, Table Rock, Taneycomo, and Bull 

Shoals Lakes draw millions of tourists and visitors to the UWRB while dams produce 

electricity and provide a drinking water supply. The UWRB is also one of the best fishing 

destinations in the nation with many species of bass, crappie, catfish, trout and sunfish 

(MODOC 2001).  

Scenic landscapes, lakes and the many clear, spring-fed streams have made the 

UWRB a popular family vacation and retirement destination. A consequence of the 

regionôs natural attraction has been its rapidly increasing population, rural development 

and expansion of metropolitan areas including Springfield, Nixa, Ozark, Branson, Eureka 

Springs, and Fayetteville. Also increasing is the associated pollution from human 

activities such as lawn fertilizer, construction erosion, pet wastes, septic seepage and 

impervious run-off (Meals and Budd, 1998). In addition to urban growth, agriculture 

production has increased in the UWRB (MODNR, 2001; USEPA, 2004). Nutrient 

sources from agriculture including wastewater run-off from confined animal feeding 

operations and poultry litter fertilizer on pastures and direct deposition of animal manure 
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into streams and rivers. The Ozarks region has become the second largest poultry 

producer in the U.S. generating over one billion birds per year (USDA (a), 2004). This 

industry provides an inexpensive, abundant source of fertilizer from poultry litter. 

Nutrient-rich litter is spread on pastures to enhance the production capacity of relatively 

poor Ozarks soils (Edwards et. al., 1996). Increased pasture production has expanded 

cattle production in the basin. Missouri ranks 6
th
 in U. S. cattle production and second for 

its number of small (100 animals or less) farm beef/cow operations. Greene, Lawrence 

and Barry counties in the UWRB are among the top ten beef cow counties in Missouri 

(Olson et. al. 2004). Arkansas ranks second behind the state of Georgia for poultry broiler 

production with much of this occurring in northwest Arkansas, the UWRB (USDA (b) 

2004). Overuse of abundant manure fertilizers is affecting streams in the UWRB, 

especially those with large areas of pastures and in the poultry producing counties of 

northwest Arkansas (Edwards et. al. 1996).  

Previous water quality studies on the UWRB have generally been limited to a 

single sub-watershed or stream such as the James River, Kings River, or other tributary in 

the UWRB and have not provided data on basin-wide nutrient status. This project seeks 

to provide a basin-wide analysis of nutrient concentrations through sampling during 

baseflow conditions in the UWRB. Nutrient results of this analysis will be compared to 

land use and other variables to obtain a better understanding of how watershed 

characteristics are related to water quality and nutrients. This information will provide a 

baseline for further, in-depth investigations and support water quality management 

programs in the Upper White River Basin.  
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Research Questions 

 This study begins to fill gaps in the knowledge about nutrient levels occurring in 

streams during baseflow conditions in the UWRB. There are three main questions that 

this study seeks to address: 

 1) What are the baseflow nutrient levels in watersheds throughout the UWRB? 

Base-flow is the low-flow, non-flooded state of the stream where changes in stream 

chemistry and dissolved compounds are related primarily to ground water sources, point 

source inputs and residual non-point source contributions. Water quality variations at 

baseflow tend to be gradual, thus allowing for comparable sampling.  

 2) How does water quality compare between the different sample watersheds? 

Nutrient concentrations are controlled by many factors including point-source discharge, 

land use, stream size and geology (Fitzpatrick et. al. 1998; Lent et al. 1998; Binkley et al. 

2004). This study investigates the role of these factors in influencing nutrient 

concentrations throughout the UWRB. 

3) How do varying physical watershed characteristics and chemical water 

properties correlate with nutrient concentrations? Watershed characteristics such as the 

percentage of different land use types and predominant geological formations were 

examined to discover any relationships between these characteristics and water nutrient 

concentrations. Water chemistry including pH, DO, specific conductance, temperature 

and turbidity are compared to nutrient concentrations to examine their relationships. 
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Purpose and Objectives 

This study evaluated nutrient concentrations in watersheds of the UWRB and 

examined effects of drainage basin characteristics on these concentrations. The status of 

nutrients in the UWRB and the various roles of land use, geology and other watershed 

factors influencing nutrient concentrations must be understood in order to implement 

effective water quality management programs. The primary objectives of this thesis 

research are: 

1. Quantify baseflow concentrations of Total Nitrogen (TN), Total 

  Phosphorus (TP) and water chemistry of 19 sample watersheds in the 

UWRB.   

No previous studies have sought to determine nutrient concentrations throughout 

the UWRB during baseflow conditions. There have been projects that have focused on 

one or a few sub-watersheds in the UWRB such as the James or the Kings River 

watersheds, but these have not provided data on the nutrient status throughout the Basin.  

2. Develop a Geographic Information System (GIS) with  land use, geology,  

wastewater treatment plants, hydrology  and other spatial data for the    

UWRB. 

Currently most spatial data is divided by political boundaries including state, 

county and regional boundaries. The UWRB watershed lays roughly half in the state of 

Arkansas and half in Missouri. This study uses GIS and spatial data to piece together a 

single dataset that spans both Missouri and Arkansas sides of the Basin.  
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3. Examine relationships between water quality and drainage basin 

characteristics in the 19 sample watersheds of the UWRB.  

           Correlation between drainage basin and chemical factors within a watershed and 

the nutrient concentrations sampled in the watershed may provide data to aid 

management efforts to reduce nutrient contribution from land use practices associated 

with high nutrient levels.  

 

Hypotheses 

From previous studies and reasoning, this study suggests the following three hypotheses:  

1) Nutrient trends among watersheds are dominated by point-sources such as 

WTP effluent due to baseflow sampling conditions.  

2) It will be difficult to distinguish between point-source effects and land use 

effects on nutrient loading for watersheds receiving WTP effluent since these 

basins also contain a higher percentage of urban land use. 

3) Non-point source dominated watersheds will have less correlation among 

water quality variables than those affected by point-sources since point-source 

influenced watershed have common factors (wastewater effluent) influencing 

water chemistry. 

Nutrient concentrations are expected to show a relationship to land use/land cover types 

within the drainage area. Urban or agricultural areas are expected to have higher nutrient 

concentrations than rural and forested watersheds due to TN being very mobile in the 

environment and TP being associated with soil disturbance on the landscape. However, 

since water sampling for this project was conducted at baseflow conditions, it is probable 
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that the influence of run-off from non-point sources will be lessened while the effects of 

point-sources actively discharging into streams will have a greater measurable impact on 

the watersheds receiving these discharges (Petersen et. al. 1998; Baginska et al. 2003).  

Streams receiving high volumes of wastewater treatment plant effluent will have higher 

concentrations of nutrients than streams that do not have major sources of effluent. These 

streams will also have a larger percentage of urban/developed land use. This may present 

a problem when interpreting the relationships between land use and water quality. 

Watersheds with major effluent sources are more likely to be located in areas of higher 

urban land use. High nutrient concentrations from base-flow sampling in these 

watersheds may appear to be related with the high urban and agricultural land use but 

may be the result of the large point-source discharge. On the other hand, some point 

sources may be located in watersheds that have little urban or agricultural land use and 

may therefore deviate from the expected low nutrient concentrations.  

Non-point watersheds may exhibit less correlation among water quality indicators 

due to variations in landscape, hydrology and watershed influences. In watersheds 

containing large areas of urban development and agriculture, water quality may be highly 

variable due to flashy hydrology in these impervious or less pervious watersheds. At 

baseflow conditions the stream may be still be affected by nutrients moving through the 

system from the previous storm event. In the non-point source dominated watersheds, 

there is less expected variability in discharge making the water quality variables more 

constant within a particular non-point sample watershed. Each stream has a different 

shape, drainage area, land use and other factors that influence water chemistry which may 

cause non-point watersheds to exhibit less common water quality characteristics. 
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Background 

 

 Many research projects have studied the effects of land use, watershed 

physiography and hydrology on water quality in streams (Stark et al. 1999; Turner and 

Rabalais 2003; Matǝj²ļek et al. 2003). This section discusses previous studies that 

examined watershed factors associated with increased nutrient concentrations. Studies 

that deal with spatial information such as drainage area and variations in water chemistry 

through a watershed have often found geographical Information Systems (GIS) to be a 

useful tool  to enhance understanding of these spatial relationships.  

It is well known that forms of nitrogen and phosphorus occur naturally in streams 

and vary from one geographical region to another (Clark et al. 2000; Binkley et al. 2004). 

Natural sources include soil erosion, wildlife fecal matter and decomposition of organic 

material such as fallen leaves (Benfield 1996; USEPA 1999; Clark et al. 2000; Binkley et 

al. 2004). Nitrogen and phosphorus are major plant nutrients essential for growth of 

biofilms and aquatic vegetation and form the basis of aquatic food chains (Benfield et. al. 

1996; Graca et. al. 2001). Natural concentrations of nitrogen in undisturbed forested 

streams are low due to a high removal rate by vegetation and lack of excessive inputs. 

Naturally occurring nitrogen typically averages 0.68 mg/L for combined nitrate, 

dissolved organic nitrogen and ammonium. Phosphorus levels are also low in forest 

streams and are generally less than 30 µg/L for combined inorganic and dissolved organic 

phosphorus. Variations in nutrient levels for undisturbed streams are associated with 

ecological region, atmospheric deposition, vegetative species and other inherent 

watershed characteristics such as geology, geography and land cover (Binkley et. al. 

2004).  
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Excessive nutrient loading in streams occurs in association with large areas of 

urban and agricultural development (Jordan et. al. 1997; Meals and Budd 1998). Nutrient 

loading may be caused by point-sources such as WTP effluent which is a result of the 

human fecal matter that contains nutrients as byproducts of the digestive process.  Towns 

with municipal infrastructure usually have WTP which is often a major source of nutrient 

loading.  Another nutrient contributor is non-point source pollution (NSP) (Jordan et. al. 

1997; USEPA 1999; Miller 2006). NSP is cause by run-off and leaching of broad areas of 

urban and agricultural land including fertilized fields, construction sites and impervious 

surface (Miller et al. 1997; Brezonik and Stadelmann 2002). Fertilizers containing high 

amounts of N and P can be washed off of agricultural fields and into streams by 

precipitation. Manure fertilizer is often applied at rates that exceed plant phosphorus 

requirements in order to increase nitrogen application to crops which need 10 parts 

nitrogen to 1 part phosphorus or to dispose of manure (Mallarino et al. 2004). Excess 

nutrients leach into nearby groundwater and streams.  

Studies have found that nutrients in agricultural watersheds may be measurably 

lower during summer than in winter due to plant assimilation, aquatic uptake and less 

run-off from precipitation (Boyd 1996; Winter and Dillon 2005).  Better practices on 

quantity and timing of fertilization and alternative waste disposal methods can help 

protect water quality (Edwards et al. 1996). These practices include maintenance of 

vegetative buffers around streams which can dramatically decrease nutrient loading from 

fertilization (Winter and Dillon 2005).  Vegetative buffers can assimilate a large amount 

of nutrient-rich run-off from agriculture fields or from urban storm water run-off before it 

reaches surface waters in addition to stabilizing stream banks against erosion.  
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Impervious surfaces including roads, parking lots, building tops, and some lawns 

and sidewalks collect nutrients and other contaminants from vehicles, yard waste, soil 

erosion, fertilizer and animal waste. All of this non-point source contamination is washed 

by precipitation run-off into nearby streams which makes towns and urban areas one of 

the largest contributors to nutrient pollution. Another NSP is on-site septic tanks. Septic 

tanks are often used as a means of wastewater treatment in rural areas that do not have 

municipal sewers. Wastewater treatment depends on the ability of soil to absorb effluent. 

Large numbers of septic systems in shallow soil with poor absorption can release nutrient 

pollution into the watershed (Aley and Thompson 2002; Wernick et. al. 1998). Point 

source pollution is addressed by the National Pollution Discharge Elimination System 

(NPDES), established in section 402 of the Clean Water Act (CWA), through use of 

permits and limitations. Under the NPDES program, permits are required for discharge of 

pollutants from most point sources (USEPA 1999). Point sources are arguably easier to 

control due to their being easily identifiable and monitored at an end-of-pipe location. 

Tools for controlling non-point source pollution can also be found under the CWA in 

section 319. This section provides assistance to states, local governments, environmental 

organizations and educational institutions along with many other programs for addressing 

a wide variety of non-point source water quality issues (USEPA 2007).  

Geology and Land Use. Geology plays a significant role in how anthropogenic 

activities affect nutrient loading in streams. The nature of the geological formations and 

structure underlying a watershed influence nutrient mobility, filtration and transport 

(Jordan et al. 1997; Panfil and Jacobson 2001; Vesper and White 2003). In regions with 

karst geology the effects of human disturbance may not only influence watersheds 
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draining the pollution source, but also the surrounding watersheds. Shallow karst aquifer 

systems act as sinks for nutrients and then redistribute them into surrounding watershed 

basins through springs and cave systems (Wernick et. al. 1998; Meals and Bud 1998; 

Dupré and Robertson 2004). According to a study by Mill er et al. (1997) karst watersheds 

containing agricultural land use can have higher total nitrogen (TN) concentrations than 

watersheds without karst terrain but also containing agricultural fields. The highly 

weathered, fractured bedrock of the karst region does not provide adequate filtration of 

nitrogen which leaches into streams and quickly effects the water quality in these regions. 

The U. S. Geological Surveyôs assessment of water quality in the Ozarks found that 

nitrogen concentrations were high in streams draining urban areas with WTP effluent 

(Peterson 1998). Wastewater treatment plants are located in urban areas so the high 

nutrient concentrations may actually be caused as much by the land use in these karst 

watersheds.  

Total phosphorus (TP) levels have often been correlated to the proportion of 

agricultural land-use in a watershed regardless of geology type (Jordan et al. 1997). This 

is due to phosphorus transport being closely related to sediment transport. Row-crop 

cultivation on floodplains, removal of riparian vegetation and excessive grazing are all 

practices that increase the sediment delivery to streams as well as loading of phosphorus 

attached to this sediment. Soil absorbency and landscape topography can influence 

nutrient loading as well. In the sub-basins of the Quabbin Reservoir, Massachusetts, 

waters sampled in low-lying wetlands contained higher levels of TP, while streams with 

elevated, well-drained soils contained higher amounts of TN (Lent et al. 1998). The 

mobility of nitrogen allows it to leach through the soil into groundwater or streams, while 
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in low-lying, lentic systems, such as wetlands, nitrogen is easily converted to gas or used 

by aquatic plants (Lent et al. 1998). Nitrogen therefore may not remain in stagnant water 

bodies for long while phosphorus may concentrate in sediment and become re-suspended 

in the water (Lent et al. 1998; Turner and Rabalais 2003). Due to the known impacts of 

land use upon nutrient concentrations, especially in karst systems, land use planning for 

conservation is important to water quality protection.  

GIS in Water Quality Studies. Geographic Information Systems (GIS) is an 

important tool that is used to describe the spatial distribution and variation of watershed 

features essential to water quality studies. GIS has been used by planners, decision-

makers at all levels of government, researchers, developers and the general community 

for water quality protection efforts. Developing regions of the nation have found this data 

management tool extremely valuable for precise analysis and effective distribution of 

spatial data (USEPA 2004). A recent study by the USEPA utilized GIS and a 

combination of existing water quality data from USGS stations, land use data and 

knowledge of the relationships between water quality and land use to develop a model of 

watershed vulnerability throughout the UWRB (Lopez et. al. 2006). The USEPA study 

was the first broad-scale model of water quality vulnerability by distribution of potential 

water quality drivers including development and forest areas. This GIS database allowed 

the USEPA study to produce prediction maps of sub-watersheds that were likely to be 

vulnerable to water quality degradation. A GIS database was used in a study by Greene 

and Cruise (1995) to quantify the volume of run-off from a given storm event in an 

urbanized watershed near Baton Rouge, Louisiana. Surface data on slope, land use, 

impervious and pervious areas and soils were compiled into a GIS database and used to 
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model storm run-off in the watershed. Huang et. al. (2003) also used GIS-based modeling 

of the Malian River Basin, China to analyze hydrological processes and run-off impacts 

on erosion.  Watershed information including land use, stream discharge, numbers of 

septic systems precipitation and point-source discharge has been often used in GIS 

models to estimate non-point nutrient loads to watersheds (Meals and Bud 1998; Stark et. 

al. 1999). GIS databases facilitate the organization and study of interrelationships 

between watershed data and water quality variables through an integrated approach that is 

well suited to the complex nature of watershed processes. However, Lent et al. (1998) 

and Brezonik (2002) suggest that for large drainage basins effective water quality 

analysis may require division of the large watershed into numerous smaller watersheds. 

Lent et. al. (1998) reasoned that hydrologic and geologic components may differ 

considerably from one region of a large watershed to another and may confound 

application of a single model or management strategy.  
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Benefits of this Study 

This study includes the entire Upper White River Basin of southwest Missouri 

and northwest Arkansas in an evaluation of basin-wide nutrient status. This study is 

intended to be a baseline analysis that will provide a snap-shot view of the status of 

nutrients at baseflow conditions in the UWRB watershed. The advantage to the baseflow 

sampling done in this study is that water quality characteristics can more accurately be 

compared among watersheds. The USEPA study on the UWRB watersheds produced a 

prediction model of sub-watershed vulnerability (Lopez, 2006). This study further 

examines the water quality status of the UWRB watersheds through regular sampling and 

comparison of relatively undisturbed watersheds to the more urbanized and populated 

watersheds. Basin-wide nutrient analysis can help set a baseline for further monitoring 

and future studies. Results of this analysis will provide data to help guide monitoring and 

watershed protection efforts for the UWRB. As population in this watershed continues to 

increase, adding to the demands on its water resources, knowledge of the factors that 

control nutrient loading as well as the affects of land use practices on water quality is 

essential to aid in water quality conservation practices and management strategies.    
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CHAPTER 2: STUDY AREA 

 

 

The Upper White River Basin watershed drains a large portion of the Ozarks 

plateau in southwest Missouri and northwest Arkansas encompassing portions of 9 

Arkansas counties and 10 Missouri counties. The UWRB consists of three 8-digit 

hydrologic unit codes (HUC): Beaver Lake watershed (11010001), James River 

watershed (11010002) and Bull Shoals Lake watershed (11010003) (Figure 2.1). This 

chapter describes the size, location, climate, hydrology, geology, and land uses 

throughout the UWRB. The 19 watersheds selected in this study are located at existing 

USGS stations throughout the basin (Table 2.1). 

 

Figure 2.1: UWRB reference map: Location of the UWRB in Missouri and Arkansas  
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Table 2.1: USGS gages: hydrologic unit, site number, name and sample site label of each 

USGS gage used as a sampling site in this study (USGS 2005)  

 
8 digit  

HUC  

number 

USGS 

site number 
USGS gage name 

1st year 

In 

 operation 

Site name  

for this study  

11010002 7052000 

 
Wilson Creek at Springfield, MO 1933 WC-Springfield (1) 

11010002 7052100 Wilson Creek near Springfield, MO 1972 WC-above SWTP (2) 

11010002 7052152 Wilson Creek Below Springfield, MO 1967 WC-at SWTP (3) 

11010002 7052250 James River near Boaz, MO 1972 JR-Boaz (4) 

11010002 7052345 Finley Creek below Riverdale, MO 2002 Finley R (5) 

11010002 7052500 James River at Galena, MO 1922 JR-Galena (6) 

10010001 7053400 Table Rock Lake near Branson, MO 1974 WR-below TR Dam (7) 

11010003 7053810 Bull Creek near Walnut Shade, MO 1995 Bull Ck (8) 

11010003 7054080 Beaver Creek at Bradleyville, MO 1994 Beaver Ck (9) 

11010002 7050700 James River near Springfield, MO 1956 JR-above Springfield (10) 

11010002 7050690 Pearson Creek near Springfield, MO 1999 Pearson Ck (11) 

11010001 7053207 Long Creek at Denver 1996 Long Ck (12) 

11010001 7053250 Yocum Creek near Oak Grove, AR 1993 Yocum Ck (13) 

11010001 7050500 Kings River near Berryville, AR 1939 Kings R (14) 

11010001 7049000 War Eagle Creek near Hindsville, AR 1952 War Eagle Ck (15) 

11010001 7048800 Richland Creek at Goshen, AR 1999 Richland Ck (16) 

11010001 7048600 White River near Fayetteville, AR 1974 White R-Fayetteville (17) 

11010001 7048550 West Fork White River E Fayetteville, AR 2001 West Fork White (18) 

11010003 7054410 Bear Creek near Omaha, AR 1994 Bear Ck (19) 

 

 

The UWRB drains a large portion of the Ozarks ecoregion that encompasses over 

15,636 km² (6,037 square miles or 3,863,844 acres) (MORAP 2004). Ten Missouri 

counties including Barry, Christian, Douglas, Greene, Lawrence, Ozark, Stone, Taney, 

Webster and Wright and nine Arkansas counties including Baxter, Benton, Boone, 

Carroll, Franklin, Madison, Marion, Newton, and Washington are included in the UWRB 

(Figure 2.1). Major population centers include Springfield, Fayetteville, Springdale, 

Ozark, Nixa, Branson, and Berryville. From 1990 to 2005 the population of most 

Southwest Missouri counties increased by 30% to 60% while average population growth 

for the entire state during this time was 13% (U.S. Census 2006).  
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Besides the main town centers, a large portion of the population growth and 

development is taking place in rural areas around the lakes and scenic waterways in the 

basin as inhabitants seek these areas to build retirement and recreation homes. Much of 

this new population is moving into rural developments that use on-site septic systems to 

treat wastewater. Many of these systems fail to adequately treat the wastewater due to 

lack of filtering soils or lack of maintenance by property owners. Failing septic systems 

are considered a non-point source of nutrients and can add significant nutrient 

contamination to surface and ground water (Wernick et. al. 1998).  

Originating from the western end of the Boston Mountain uplands in northwestern 

Arkansas, the White River forms a 6
th
 order stream as it flows north toward Missouri into 

Beaver Lake. The river eventually becomes an 8
th
 order stream and enters Table Rock, 

Taneycomo and Bull Shoals Lake systems. These lakes provide water and electric power 

to the regionôs population. The UWRB is home to many sports fish species. These 

include smallmouth bass, largemouth bass, spotted bass, white crappie, Ozark bass, 

channel catfish, brown trout and rainbow trout (MODOC 2001). The abundance of many 

of these species has given the watershed a reputation as one of the best fishing regions in 

the country. The dams have also provided ideal locations for cold-water fisheries which 

thrive in the cool water emanating from below the dams. Among some of the endangered 

aquatic species in this watershed are Ozark cavefish, checkered madtom, Ozark shiner, 

several species of darters, the Salem Cave crayfish and the Meekôs crayfish (MODOC 

2001).  
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Geology 

Geology in the UWRB is typical of the Ozarks characterized by karst features 

such as sinkholes, caves, bedrock fractures and loosing streams. This allows direct 

linkage from surface waters to groundwater without filtration (Langer 2002). Karst 

terrain is formed over time by the erosion and weathering of limestone and dolomite 

bedrock as slightly acidic rainwater creates channels, caverns and sinkholes into this 

material. The weathered carbonate rock forms residual soils containing resistant cherts 

and clay. Erosion of the residual soil accounts for the tumbled gravels found in 

streambeds of the region. The headwaters of the White River are composed of coarser 

stones and boulders of limestone and sandstone in confined valleys where many 

riverbanks in northwestern Arkansas are composed of layers of shale, a feature of the 

Boston Mountain uplands. Figure 2.2 shows the predominantly carbonate geology of the 

UWRB with large areas of shale in the southern headwaters region of the White River.  

The landscape, topography and soils in the basin are typical of the Ozarks.  Slopes 

can be 5 to 90 degrees and tend to be steeper in areas close to creeks or water bodies 

where bedrock bluffs are exposed. Soils on the broad ridge tops are relatively deep with 

thin silt-loams over clayey residuum on limestone, shale and sandstone bedrock. Soils 

often contain a moderate amount of cherty rock fragments and support a variety of oak 

and hickory trees. Soils on slopes are thin and poor, supporting mainly smaller oaks, 

smoke-bush and cedar. Creek-bottom soils are gravelly in the upper reaches and become 

deeper silt loams in the lower reaches of streams. These areas contain sycamore, willow 

and other bottom-land vegetation. The majority of the streams in the basin are 

characterized by a shallow bottom composed of bedrock rock and gravel.  
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Climate 

The climate of the UWRB is temperate with mild winters and warm summers. 

The thirty-year mean temperature for the region is approximately 14 Cº.  Average 

seasonal temperatures in the study area rangees from 13 to 18 Cº in the spring, 24 to 26 

Cº in the summer, 13 to 16 Cº in the fall and 5 to 18 Cº in the winter (NOAA 2006). The 

northern section of the UWRB receives an average annual precipitation of 107 

centimeters while the southern areas of the basin receive 120 centimeters per year. 

Rainfall throughout the region averages 109 centimeters (43 inches) per year (MODOC 

2001).The majority of precipitation occurs from March to June (NOAA 2006).   

 

Hydrology 

Originating in the Boston Mountain uplands of Arkansas, the White River flows 

approximately 3,000 kilometers as it makes its way north into Missouri and south again 

to the Bull Shoals reservoir in Arkansas. At its origin, the White River is at an elevation 

of approximately 675 meters and by the time it flows over Bull Shoals dam its elevation 

has dropped to 160 meters (NED 1999). The UWRB contains 18 major tributaries with 

approximately 7,300 kilometers of flowing streams and many ephemeral streams where 

most or all flow drops below the surface into underground channels during dry periods 

(USGS 1993).  Table 2.2 shows the sampling sites and their drainage area size. Figure 2.3 

shows the locations of the sites along the major tributaries of the White River in both 

Missouri and Arkansas.  
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Figure 2.2: Surficial Bedrock map.  General bedrock types in the Upper White River 

Basin (Arkansas Archaeological Survey 1989; MODNR 1979) 
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Table 2.2: Sampling sites: Site labels, elevation, drainage area size and location of each 

USGS gage/sampling site used in this study 

 

Sampling Sites Elevation 

(m) 

Drainage 

area (km²) 

County State 

WC-Springfield (1) 366 51 Greene MO 
WC-above SWTP (2) 350 92 Greene MO 
WC-at SWTP (3) 344 132 Greene MO 
JR-Boaz (4) 316 1199 Christian MO 
Finley R (5) 347 665 Christian MO 
JR-Galena (6) 281 2567 Stone MO 
WR-below TR Dam (7) 212 10394 Taney MO 
Bull Ck (8) 217 503 Taney MO 
Beaver Ck (9) 245 771 Taney MO 
JR-above Springfield (10) 348 633 Greene MO 
Pearson Ck (11) 366 56 Greene MO 
Long Ck (12) 305 265 Carroll AR 
Yocum Ck (13) 305 117 Carroll AR 
Kings R (14) 294 1374 Carroll AR 
War Eagle Ck (15) 356 685 Madison AR 
Richland Ck (16) 351 361 Washington AR 
White R-Fayetteville (17) 347 1039 Washington AR 
West Fork White (18) 351 325 Washington AR 
Bear Ck (19) 305 344 Marion AR 

 

Land Use 

The majority of the land within the UWRB is privately owned. There are also 

several thousand acres of National Forest including portions of Mark Twain National 

Forest and Ozark National Forest. Land use includes urban development, poultry 

production, agricultural pasture, crops and forest (Figure 2.4). Agriculture, including 

pasture and confined animal feeding operations, make up a large portion of the UWRB 

watershed and its economy.  Farming in the UWRB includes beef and dairy cattle 

pastures, hog and poultry production, fruit crops, corn, and feed and forage crops.  Urban 

areas in the UWRB are largely centered on Springfield, Springdale, Fayetteville and 

Branson. Springdale and Fayetteville largely drain into the Elk and Spring Rivers to the 

west of the UWRB.  
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Figure 2.3: Hydrology and sample site map. Sampling sites, streams and lakes in the 

UWRB watershed, Missouri and Arkansas 

 

 


